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oct: 
the pur,ose of this investigation was to compare tise 
results oY tvo w.coretical meviiods of calculatins stress 


2.62 SHLO%S trarisverse frame with an experimental model 


Gamaly6is. 


rrocedure: 

tae expurinental stress anelysis for a siiipts frane was 
Manu€ uSin a planar celluloid mcedel and the Jers method. 
valculctions wero made using the elastic center method based 


on tic law of virtual work and tne method of Frof. we. Hovraard 


»o 3Ootcrmine influonee lines of stress due to vertical and 


¢t 


forisontal unit loads. Tne results were coriparcd using tie 


mw Tiiental results as a basis of comparison. 





tae Lfantilies of six influence Lines obtained by each of 


Leo three retuods of analysis agreed very closely. 


yonclusions: 
me exderinental resulte verified that the methods: of 
Calculation of stress usins twelve intevration stations gave 


ConuSistent accuracy. Tie elastic center riethnod required less 


“es 





COayutation work and attained a slicsitly ~reater de ree of 


accuracy. 


wecanmendations? 

it is recammended that further work be undertaken 
(1) to determine the amount of error resulting from the sin- 
phifyin assumptions used and (2) to obtain a siniler cone 
parison for a Snip wits. two or more dccxs. Tue sinvlifying 
asswaptious were tyuat tue moment of inertia varied 2S a con- 
tinuous function and tuwt tue effects of axial force and shear 
were neovlivcible., Further model analysis snould be made usin 
sodeis tiut have a preator desrec of stiffness to better over- 


Cove frictional forces. 
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oe @otremi eke SE Strcee i: the trmisvers:. span ST 
Meee prevents a difficult Brovlei berauce of ule cumsli- 
Meecd StxUcture invulvec. 4 mwurber of meblous of solution 


Lav 


©) 


been Jevised. wore di Bruhn in referenee (2) provosed 


O 


Perea Macw: O11 Vastitliancts prineiple of Heastl work. 


m1 
Data, we we lidvVouard .~ave a metiod based on deflections in 
Pererence (5). In ud.itdiua to thess metnods adWanced by neval 
Meese cts, ob:.er metucds ap -licabie to any structure in tite 
omer OL & Closcd rine ard avallabic. Yne uf theee is the 
PePlication of tere law of virtual work fre cuently used by 
bemes @ invetrs dor indeteriinecte Structures. 

‘ive above metuods are aii based on miathematical lyooe 
Meesots S2d ere eqoplctely accurate only Lf tno veticriatical 
BAN @OGi0NS used exactly révrevonut the actual otructure. 
meee 2c immciical for t..c snip frame, @nc Bimplifying ee~ 


N a * ? f = ee, oe « : om 7s ’ ““Es . 7s s 86, - Ame . “—- be ys at a4 
MpoLONe are neccessary in orucr to mabe the computatic:: 


reascie@isawe quount of tame. Tic work of ite 
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feet on, the tCueoret.cal netuods 19 reduced br using as Liv 


~~? 


Beeyione as pcssible consistent with reasonable accuracy. 
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Gee actual novwenut of inertic variss abruptly and fre uonti;, 


Sut it is senerally assumed to be represented by 2 continuscus 
Seve faired turourc:: the several valwece. Ti:is curve will 


he ‘ ae ae wa S ? 2 >a : “ie ea he “4 os pee ts ai) 7 i a N T = aioe 
mow Necessarily corres oun. to tee actual cuan cs in tie monent 
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of dsacrtia amd vwius a discrevancy fron the actual motent of 
duevrtic j.c/ exist at the point represented. A second as- 
SWaeticn we.uily; ade is thet the effects of axial and sheer 
distortion are small relative to that of the bendinrs distortion 
amd are neclected. 

LuLs investi. ution determines tre influence Lines for 
@aci. Of cis reduruiant forces due to unit vertical and nori- 
2ontal loads, w.ese influence lines are determined experi- 
Merweadliy end vscoretically by two methods. The two ticoreti- 
Cal methous are comparce to the experimental results and evalue 
avead Lor accuracy and ease of compubation.e 

The apparatus used to determine tie influe.ice lines ex- 
perinentally consisted of a wlanar celluloid model wisien had 
@ moment of inertia proportional to the actual ship frame. 
1sae frame waS cub ab tne keel and e berss deformeter vare 
iistalled woicih: asroduced distortions of a hmow mapnitude. 
tne deflections produced by these distortions at sclected 
pcints were then measured with a micrometer microscope. The 
ordinetes of the influence line for a load eaepolied at these 
points are then determined by application cf tac Mullor- 
Breslau principle. 

One of the theoretical methods of determinin, tue influ» 
emcee dines consists of utiligins the Law of virtual work with 


Gm: rédundsiits locate at tnt elastic eenter, 0 ovler 


oF 


{6 the met.od of Prof, Hoveraard as described in reference (5). 





PROCSOUILS 
The procedure used in this investigation for determining 

the influence lines consisted of four parts (1) settins thea 

conditions of the proolen and determining tie data necessary 

for tre experimental aad theoretical methods of analysis 

(2) manufacture of the model and perforwance of exvorinrental 


work (3) ealculstion by the method of virtual wor. usin: 


ae | 


the elastic center and (4) calculation by the Nov aerd method. 
A transverse frame of a modern destroyer, whicl. 1s typical 
of naval construction, was selected as the source oF all data, 
Tie monents of inert’a and distance of tine nevtral axis Cron 
tue molded Line were determine: at twenty-five points. Tis 
relatively larce nunber of noints was used in order to make 
the values of mawent of inertic ayoroxinate the actual frane 
as ciocsely as posaible, Large-scale curves were Slotted of 
nonent IF inertia versus distance ulong tue molded Jirtos and 
of meutral axis distance from molded line versus distance 
alon: the nolded sirte, The coordinates of points on the 
neutral axis were determined :raphically frou a drawiny of 
ti2 molded dine. Appendix 42 deseribes in more detail how 
the fundamental data were obtained. 
A planer model, having the slapa of tue neutral smcis 
ane moment of incrtia proportional to tuat of the prototyne, 


was maic. it was eut fron a sheet of eellulotid and filed 





Wahi tie gepti, Pave tic reguire? momen* cL inertine ‘The 


method of caleculaving th2 model dinensions and the actual 
* 


micrometer teasuresents obtained may be rouid in Appendix B. 





Next the frisac wes cut at the location of the kecl and the 
‘ends clamped into tie two Lalves of a Deers defoxneter ra ce 
“Ghee right naii of the cave was screwed to the table, 
Briefly. the ex ,erimcntal work consisted of introducing 


known distorticnsis santo the rietlet Structure and measurin” the 


a4 


* 


deflection of cach point at which an influence Line ordinate 
wes desired. Distortion S of a imow: ta .mitude are introduced 
by inserting tic various sises cf calibrated plugs into tne 
Bezzs dcdeformeter ga.e. The horisontal deflection of se point 
Measured by the microscope Jives the data for cetermiring the 
ordinate tc the influence line of a redundant due to a unit 
horizontal load. Similarly the vertical deflectisn ives the 
Seoe@ ior tue influetice Lind cf a redundant dis to « uiit load 
@vplied vertically. Tre ordinuts of tug influence lice for a 
redundant is equal to minus one tines the ratio of the  weas- 
ured deflection to vhe introduced deflection. Tue cdeLleection 
Yor eacn of 24 points around the Pram¢e was neasured to detere 
rine Biai inf2uence iilne. Dus to sytmetry of the structure 


Only tne 12 readiness for one Side of tue moiel are necessury; 


67" 


wowever, the ot.cr readin.s may v8 used ag a check, The 
details or the experimental work are explained nore fully in 


Appendix Be 





Tne influence Line for eae: redundant force was calcu- 
lated Ly trae method of Virtual work with the location of the 
redundants at the olustic center. Tie Location of the re- 
dundgants at this point elininates the solution of sirmultanecous 
@yuationss, Fer comparison wit the redundants determined exW0 
perimentaily the redundants at tae clastic center were trans- 
ferred to tha sane location, The details of the calculation 
by the elastic center metnod are ~iven in Appendix C, 

The other metiiod of calculation utilized the nethod of 
tae iate Prof. W. Hovgaard to determine tie Influciuce Lines 
for each redundant, Tiuis metuod recuires the solution of 
Simultaneous equations. The calculation detaiis are civen in 


Appendix D. 





eae hepey xe 


The results of tuis iuvestivation consist of tas intlu- 
ence line ordinates for moment, thrust and shear caused by 
unit vertical and horizontal loads. The results ari tabulated 
and compared in Tables I and II. 
cmaliescale plots of the results are shown in Firures 
Pi, ii, and ili. Tie eurves re ,resent the values found by all 
tnree mothods, To plot the results of all mothods would re- 
quire too larvje a scale to be practical. Tue results are best 
compared in tebular forn. 

Figure VI is an aid in visualiging the si.jif’cance of 


tne results. 
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The three methods of obtainin,; the infiwence Lines 
Jiven in tabies I and Ii show vary soul asreement. For pure 
poses of comparison the inlflucnee Line determined experini 
tally was selectod as a base. 

Laxveriziental teennijques are alvsys subject to messurezent 
errors and te physical paenomena beyond the control of the 


CEperimenters. avery effort was ride to minimise tacsc types 


aa 


Or @rrcers. The orinei pal errors apy Licable to this ivesti-~ 
Mations are listed cvelow; 
(1) Prietion forces in the model mountin, ap paratus of 
suificient ma nitude to prevent normal deflection, 
(2) Alivmsent errors in nountdne the model in tus Baerces 
apparatus and in orienting the microscape. 
(3) Uncertainty of microscope readings because of personal 
observation error3. 
(4) Gerror in tho calibration co.stant obtained for the 
microscope. 
(5) Brrors in tre introduced distortions caused by the 
beges phugs not boin? the stated size by .+0,.0001". 
(6) Srrors in the model manufacture where tue filed depth 
differed fran the theoretical, These destroyed 
strict provortionality beovween the model and proata~ 


type Moment of inertia. 
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modulus of elasti 
of tue model waterial. 


city due to nan« 





stortioss of tas model due to localized thermal 


eXPanslons 





Tee authors estimate she cumulative effect cf the above 
Gia to be Le micrcszope units. Tie vrobable error in- 

ed wili only be 5 ndcroscope units, Tuis error will 

e% ti: Burts ed s.uear redenrdants by the anount of £,0193 


,* 
yg RoBCRT redundant vy %ol7Ge ny. LH cue Vables m HI Lo. 





a PA LY ~*~ 
diffecences between the experimental and tue calculated 
wide are of smaller magnitude lie within the probable 
mperinental erro:, Iv is notei that nearly all the hizhk 


urecentagy errors oecur whert the magnitude of the readings 
* 
















) vary ecall and eoula Se due entirely to tuis cause. Cone 
idering tow differences of results which are outside the 
sapnitude of tuo experimental, error the maxinus ,wrcentage 
difference wes 2.8€)0. 
The tuo methods of calculatin, toe influence Lines snould 
have civen identical results since they are bots based on 
Wrect mathematical theories aud u..e@ Same basic data were 
for each method, The Jisagreement between tire results 
Of the two methods can be attributed to: (1) solution of 
jigultaneous equations ii the Uov,aard vethod, (2) transfer 
of redundant: frou ous location to another, and (3) errors in 


GCumputation. ie eyuations obtained by the Mov_laurd meticd 


a eo 


mad 
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are these of Straisht lines witii a very small angle of inter~ 
section. This poorly defined intersection makes it possible 
bo obtain several different values depending on the procedure 
used in climinatiny variables during the solution of the 
Simultaneous equations. The procedure followed in this in- 
Westigation minimised this error although it ¢eould still be 
detected. transfer of redundants caused magnification of any 
mall ervors that existcd to a sise where they could become 


Sigemificant. This additional step was taken for the sole pur 


pose of making the redundants alike and would norually not be 
necessary. <4aritometical errors in computations of this nage 
nitude are difficult to eliminate completely but the authors 
have made exuaustive checks and feel assured that none exist, 
The remainder of tee discrepancy bebweon the ticoretical 
and experinental solutions may be attributed to the moro ace 
curate intersrution of effwets by tne model and the nevlect of 
axial stress and sear effects in the computations. The model 
was constructed wath the narent of inertia proportional to 
the prototy.e at Lj points while only 12 points were used in 
the computations. This’ difference would tend to make the model 
results tiore accurate. Axial stress and shear stress effects 
are @ehiireiy meglected in the cogputatione wiile in the model 
they are partially taken into account. ~The effect cannot be 
considered eoripereble to that in the prototype because the 


GruSs Sectional Shapes are not simiiare 





Tne werk of computation by the elastic center method was 
found to be clivhtly less than for the Hovgsard method. The 
giicunc of computation wes nearly ejual for both in tice initial 
and interme clave carte of the work. However the last sart of 
tue Hovzaard method eonsists of tus solution of sinultancous 
GBructions waicn take appreciably longer than the divisions in 
tug last part of the elastic center method. 

The solution of stress in a4 transverse ship's frame may 
be ovtalined by tne use of influence lines as in this investi- 
ation if desired. wolution dy means of influence lines is 
approximately five times sore work of computation than a ' 
direct sin ulir solution for a specific loading system. Hows 
ever tne intluence lines can be determined by a mechanieal 
Srocedurs once a form is set up for any civen type of frame, 
and plottin: the ordinates provides a ready means of detect- 
ia: errers in the computation. Influence lines can be used 
fer any system of loading; without change and therefore are 
ilexible ror deterninin,, chances in loading systens,. The 
Choice of influences lines over a singular solution will, depend 
on the value attachad to the above factors in any particular 


Cac o 
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he Experimental analysis verifics tiat calculation of the 
indeterminate redundants by either the elastic center or 
Hoveaeard methods is accurate to about 3 per cent for this 
tyye of frame if only 1lé integration statiens are used. 

Ze 4 The elastics cunter nethod requires somewhat less tise 
for calculation taan the Hovyaerd method because of the 


elinination of sirmitanecus equations. 


(3. In the Hovgaard method the simultaneous equations that 


ri 
Pa 


“must be solved are quite vensitive to small errors which 


may reduce the accuracy. 
Re The Dece wetiied of cxperiuental analysis can be relied 
on for fool results and renuLres only models that are inex- 
pensive and easy to uale. 

De Plotting influence lines provides a check on tac accu 
Pec, of tha rysults. 4 

OG. iInflwence Lines provide a more satisfactory solution than 


@ Sinvular solution for a specific leading systen under 


certain cireunstances. 
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lie It is) recommended tit an inveiti ation be mads to deter- 
ins tue vmount of error resultin.; from tie sinolifyine 

“aOne Gime tre merent of inertia varies a8 a contini- 
function and that the effects of axial stress and @hear 
Stress are ne, Livible. 

fuis investication should be extended to the case of a 
Suid having two or more decks. It is exgectei that the elis~ 
tic center metiod for computing atreas will yvrove to have a 
more warked Supcriority over the Uovsaard method than was 
ier: in tnis Invest i pation. 

3. To increase the accuracy, by recucing the frictional 
cifects, a stiffer model should be used. The frame could be 
stiffened by increasing the thiekness of the materiai, by ine 
ereasin,, the depth of the frame, or reduciny the scale of 


the linosar dimensionse 
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Aa a basis for analysis a trensversye shio frane repre- 
jentative of naval construction was desired. Transverse 
frane 441 1/7 of the DD69Z class destroyor, Guslios Vlan No. 
565652, was arbitrarily selected for study. In the analysis 
of this frame the followins assunptions are made: 

(1) The moment of inertia of the fraze is not affected by 
the lonsitudinals, lightening holes, or cable runs 
that pierce the web, 

(2) One frams space of shell plating is considcred to be 
effective. This is in accordance with the U.o. Lavy 
practices as given in Bureax of Ships Memorandum Ne. 
al]. 

(3) The sell platings is assumed to lfle on the molded 

lins as it would with welded construction. With the 

actual type of in and owt plating used in this frane 
the neutral axis was found to vary by as much as 

0.603". In order to avoid a diacontinuity in the 

neutral axis some correction was necessary. it was 


dome by this assumption so as to avoid considering 





a (reater moment of inertia than exists at any point. 
the error is on tie conservative side. 


(4) The frase was considered to be symmetrical on the 
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: The moment of inertda and the distance of the neutral 


port and starboard sides. 


axis fron the molded line for this frame were caiculated at 
22 peints along one nalf the girth. This relatively large 
muaber of points was used so the data would more closely 
aaproxinate the conditions of the actual frame. The results 
of this calculation are shown in Table III. From these ree 


sults large-scale plots were made of moment of Inertia vs. 





distance along one half the sirth of the molded line and the 

eutral axis distance from the molded line va. distance 
along one half the girth of the molded line. Small-scale 
copies of these curves aro Shown in Figures IV and V re- 
spectively. 

The offsets representing the anage of the neutral axis 
‘were obtained in the following manner. aA larsewscale draw 
dng of the molded line was made. On this was constructed 
the neutral axis from distances read fron Pigure V. Twelve 
Stations were selected for use in the calculations to five 
the usual desree of aceuracy. It was desirable tiat one 
tion be located at the deck edze beeause of a possible 
discontinuity. To do this the deck was divided into four 
equally spaced stations of 5,031 ft. The side smell was di- 
Vided into ei-ht equally spaced stations of 4.285 ft. These 
12 points were located on the neutral axis and the offsets 


obtained. These are given in Table IV. 
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fable Lit 
Moment Of inertin mic wcutral jxcks 

- Disvance from Moldei Line on Prototype 

Station L C 
in’ ae 
O 1201.470 bg 3,8 
Py 959.782 4661 
2 959.782 G61. 
3 896.714 5.026 
x 175. 4625 
»> 512.364 4,032 
6 4&4. 003 3 G05 
/ 236970 40290 
~~ , bie. LL 2516 
9 ‘ 394 Ok 1, 410 
10 377% GS2 42 303 
2) 350.306 4el2o 
2 PA os, 3.965 
13 396.971 Beo76 
re 377.692 1.620 
15 352,659 343 
it 2770395 1.224, 
| L7~2 2530118 1L.Git, 
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Be erh@entad ult load ac e:.0own i: Migsuce Vida sottits 

me Scat: Unat vice external virtial jor. dome by « syotun of 
Berecs, PY, vurin:, the sistortion caused by a S/sten of forcts, 
, 26 equal to the external virtual work done by tac J system 


yins, che distortion causea by the P systen. 


Vigure VIII 
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Condition X, = 1 
(a) (d) 


Seema Setitits Unw to ri.ure VII we can write: 
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tn a Sinilur manner ecapressions for og and 4e can be developed 


Go tiiat: 


Ag = - 8 (1) (3) 
Qa 
kX. = = Me (1) (4) 
cc 
ion of Model 


The model used with the Begss derormeter case eonsisted 
Of &@ Dlanar celluloid rebresentation. of the characteristics 

of the sriginal transverse frana. It was decided to make the 
model from a sheet cf celluloid 1/16 in. thick and to the scale 
of 1/2 ing = 1 ft. Odin. The cuaracteristics of the proto- 
type represented by tle madel were the shave of the neutral 
axis and toe moment of inertia. These were obtained at 41 
points spaced 16 in. apart along one-half the cirth by reading 
tne values froma the curves represented by Pirures IV and ¥ 

im Appendix 4. Tuiis larze number of points was used to make 
tue model closely approxiuate tie actual variation in the mo- 
ment of inertia. Similitude between the nodel and the proto- 


tyse was attained by making the axial len.th k tines that of 









the prototy ,e dnd t:.e monent of inertia of the model. cross 
sections X times tuose of tie srototypee Froa this sinilitude, 
tne ordinates to the influence lines for axial atrees or shear 
ON tue moicl are egual to tarose on tue prototype, but the 
Ordinates of tic influence line for any noment on the protc- 


type are enugl te L/k tines the corresponding crdinates om 


bic 









* 
lw model. The scale of tne model defines the proportionality 









rovoor k « 4/24. The proportionality constant, alpha («), was 
Signed ti.3 value of 1/740,000, The selection of this con- 
stant éeternined the depth of the frame. This was limited to 
the 3/4" maximum that the Beggs deformeter gare can accoumodate. 
The development of tie formula for the determination of the 


lepth of the model follows: 


Kw BB = 1/71,0,000 (5) 
Ip 
bd = 1/16" 
3 
In * fg bh? = Bee <I, (6) 
b, 3/1927 é A/S 
tom a = (), ? 
h= V102 Ip ae tas Be @ 0405375 (Ip) (7) 











The offsets, given in Table IV, for the curve of tne neutral 
axis were determined by first drawings the molded line and 


then laying off the distances to the neutral axis. 


facture of Model 

The model was manufactured by plotting the neutral axis 

on the sheet of celluloid. Half of the frane depth, as deter 
Mined by equation (7), was laid off on each side of the neutral 
@xis. The model was first sawed out and then filed to the 
proper depth. Table V gives a comparison of the actusl depth 
of the model and the theoretical denti: as determined by equa-~ 


tion (7)- Next the model was cut at the keel position and 
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the ends riyidly clamped in the Be-ws deforneter gase. The 
Deves cdefowmeter case consists of tywo halves neld together 
by Springs. The vight Lalf of tue tage was securely screwed 


to tue table. ith the deforneter cace are sets of pluzs, 





Wich are inserted in the cave to make the two gace halves 
move reletive to each otuer in rotation, horigontally or vere 
tically. ‘The plus sises are Suc.i that one set causes relative 
rotation of OsO1Ci: radians, another sot causes 0.9509" of 
relative lhoriscntal Gisplacesent and the third set causes 
= of relative vertical displaceuent of the ends. These 
| distortions corzvspond to moment, trust and sheer, raspece 
tively. 
tue celluioid frame was sup »orted at intervals by steel 
ball bearings resting on steel retainers. Veizits were placed 
over the supports to make tue Lfrane stay flat. It was found 
Ghat tic weights produced frictional forces of sufficient ware 
Hituds to cause erratic results, ‘Yo elininate this, tne 
wei hits were removed during tic taking of data, and due care 
BAS Use to be Sure the frame renained Flat. 
Ordinates for the influence iines are to be devermined for 
@ac:.. of the 12 poiiuts along a valf Jirth that were selected 
for use in tiie calculation of the influence lines. At these 
points, which were located on the model, microscope taryets 
were gluci. 


& Micrometor nicroscope was uStd to measure tie deflections 





WiihGi:s CCCUusSred at a point wien saci. deformation was Lotro- 
Gueed by chancin, tie plugs. since tue model was Symmetrical, 
bic reiurdants on th. starboard side of the cut are citner 
eguul to those on tue port side or differ fran then by a 
Staticall; uetermiinate factor. Thuis factor is equal to tne 
Seuepert reaction corresponding to tue redundant bein, considereds 
AS a check on toe measures’: deflections the Starboard deflece 
tions were also measured. At a nimber of places, due probably 
to frictional cifrects, the redundants found from deflections 
of the port Side were not consistant at all points. At tnese 
seints the values used for the influence lines were the averaces 
of tue sort and starboard defiections. the starboard readiness 
Used appoar with Gne original data in Table XIX. 

fina deflections measured with the microscope are in micro- 
scone units. To apply the Muller-Breslau princivle they must 
D6 26 incues., Tee govenent of a tarvet on the plunser of an 
pmes dial indicator was measure!d in microscope units, This 
mOvVenent was compared wit: tue “ovenent recistered in inches 
Dy the fmes dial. The calibration data are shown in Table 


AVGII, Appendix £. A ealibration constant of .000186 inches 


per microscope unit was used turoisuicut tae experinent. 
evalvetion of Infivence Ling Ordinates 


Rauations (2)-(4) axi tic siilitude propertionality 





factor k form tne basis for ti.e calculation of t.: ordinates 


ae 


bes , 3 





. ® .. Sna x G QOOLEGE ay) Mies, uni ts simeches Lteo j 
= Sana IZ radian mice. wit te “Ap 


Saa * 0.0104 radians 


Xy = . snk x 0.000186 (1) micr suits ge Znehes Z fto 
Spb inches nicre unit 


Sb = 0.0509 ite 


Kg © ~ Que x 0,000186 (1) Bigreundte x duchess. x kip 
Nncones CMe UNadt 


See = 020509 in. 


Lal 


In evaluatim; theese oxpressions the averasoe deflections 
aoa, Sub, and d ne Given in Taole XIX were useie The re- 


es are s.iowni in Tables I and IT. 








ghe elastic center uethod consists of a special applica- 
tion of tie law of virtual work, in whie.. location of the 
redundaiuts at the elastic center simplifies the solution of 
the equations. The method and toc ejyuations are derived in 
roference (4), 

Tae effects of axial stress and shear are @ small order 
Of ma mitude and were neclected. The posltive dircction of 


tie redundauts will be as snown in rigure IX. Applying the 


Figure Ta 


daw of virtual work to this frame we cau write tie equations: 


“be 
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(1) 8, = 9 © dg5 + Saban + Xp Sav + XeSac (8) 


(1) §, * 0 = Sbo + XaSva + AySvb * Zedve (9) 
(1) $6 * 0 * Soo + Agdca + Sobeb + AcSce (10) 


In the above equations § refers to a deflection and Z to a 
redundant foree, ‘fhe first subscript names the point whose 
deflection is under consideration at tie moment and tne 
direction of that deflection, whdje the second names the cause 

of the distortion. the suoscript, o, indicates Imow, external 

loadin Ss. 
By locating the redundants at the elastic center Sab » 
Oba * Onc * Scb ™ Sac *Scn 7 *O- Thus it is fowid that 


@yuations (8)-(10) simplify to 


iq = ~ 2a0 (13.) 

Ny = = She (12) 
Sy 

Xo = - Sac (13) 
Scc 


The jocation of tiic elastic center was first déternmined 


by @yuation (1). 


Sy G3 


yc (24) 
wiggle 
¥Y = distance fron assured axis to the 


elastic center 
Ag « glastic weivht 
ig was arbitrarily assuned = 960 in’ 





—_—_ 


Inte;:ration of a.,uation (14) is shown in Table VI, Gmue to tie 
syametry of tie frame, interration was carried nalfway around 
and doubled. The elastic weifht is equal to §a, aid is evair 


atéd by equation (15) 


w |? 2 gs ‘ms 2 ds nm ff 
ot {my ET , fa = fig (15) 


SIpSaa " Elglie © a ae x 2 x 51.8612 = 296.3003 


-_ a! 
el x §30,0717 
= 16.0056 ft. 





Vv et 
J aS x 51.6612 
Tne oricin was assumed at the melded base line on the centerline 
cf tue slio. The elastic center is located at y = 16.0056 ft. 
and ,due to symmetry about the y axis,at x = 0, Let yo be the 
vertical distance from a point ta the elastic center. Sbb was) 
determined from equation (16). The integration of this equa- 


tion is shown in Table I, 
Se = \n,? -~ ds = \y0? - ds (16) 
= 3121,1653 x aul hal x 2 = 17,83262576 
See WaS ceteriined from equation (17). The integration of 


$418 ejyuation is shown in Table VI, 


yy 


BIodee = (es ds = \¥o" — ds (17) 


» 1074825039 x nee x 2 = 61409.7@01 
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fui "ue stress analysis cf tuis frwwe influencc lines 





th, reduudante caused by (1) a wmit vertical Load und 
ce) @ tit horigontal load were determined. A stxrblie aw 
yabically, determinate sérictime that remains afcer tre ree 
Gt Che roeGurdent forcoe i: eplled 2 priuary structure. 


meee 2 -GCws tito ordinary Structure assumed. 





b 4&8 the benuing moment in tse primary structure caused by 


peemcG Soal suplicd at a siven ,oint. Por tie primar, structure 
S20 7 frig $2 4 

c FP, eT ay 
dbo « {HI =a ds = \No¥o 


a Veli 32 dz» \M, 


m {roi ds (13) 


ds (16) 
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Thy dhtegratos of §a5, dbo, and deg are Suown in Table VII 
f.* @ unit vertical load and in Tabie VIII for a unit Rori-~ 
eootal load. The reduudants are evaluated by equations (11)- 
(13). ‘the nutierical evaluation of these is show in Table 

te for a unit vertical load and in table « for a wnit hori- 
sontal load. 

The values obtaines for the redundants located at the 
lastic eenter are different from those obtained experinentally 
because of tne difference in the lLeeation. Figure ZI shows 

i¢ two Locations and tie vcsitive gense of the redundants. 


(21 )-(23) give the relationship between the redundants 
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